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Multicellularity is one of the most significant innovations in the history of life. It probably began in the form of simple aggregates of related cells (similar to extant colony-forming algae, choanoflagellates, and protists) or as filaments that evolved either by incomplete cell division (seen in the case of several bacteria, cyanobacteria and green algae [1] ) or by compartmentalization of an initially multinucleate 'siphonous' network (for example, fungi, oomycetes) [2] . Simple forms of multicellularity, including biofilms, cell aggregates or filaments, evolved in up to 25-30 lineages and are distinguished from complex multicellularity, which comprises organisms with three-dimensional tissue organization and a genetically predetermined developmental program [3] . Complex multicellularity is known only in animals, plants, fungi, as well as brown and red algae. In line with increases in complexity, the genomic hurdle to evolving multicellularity is believed to be large, although new studies have started to challenge this view. The field of comparative genomics is now shedding new light on the genetic innovations required for multicellularity. Saccharomyces cerevisiae, the first eukaryote to have its genome completely sequenced, was reported to possess 6,294 genes [4] , a number that has since been refined to about 5,900 (S. cerevisiae genome release 64-2-1, 13.1.2015.
yeastgenome.org). The genome of S. cerevisiae is representative of the small, highly streamlined genomes that primarily serve unicellular organisms with only rudimentary forms of multicellularity [5] . Simple and complex multicellular species possess significantly larger numbers of protein coding genes, usually between 10,000 and 25,000 ( Figure 1 ). However, recent work by Nguyen et al. [6] reports on the genome of Neolecta irregularis, a complex multicellular fungus with a protein-coding capacity smaller than that of S. cerevisiae.
Neolecta belongs in the subdivision Taphrinomycotina, which also includes the fission yeast (Schizosaccharomyces), the witch's broom fungus (Taphrina) and an array of yeast species. Untypical for this cohort of fungi, Neolecta produces bright-yellow tongue-like fruiting bodiescomplex multicellular structures that support sexual reproduction and can differentiate as many different cell types as some simple animals and plants [7] . The phylogenetic position of Neolecta in a consortium of yeast-like fungi is consistent with the notion of an independent origin of fruiting-body formation in the Taphrinomycotina [8] , which thus represents one of several fruiting-body-forming groups (Figure 2 ). In fact, the Fungi kingdom is the only one that shows multiple origins of complex multicellularity: fruiting-body formation evolved in both the Ascomycota and Basidiomycota [9] , as well as in the earlydiverging Mucoromycota (for example, Endogone, Modicella).
Perplexingly, Nguyen and colleagues predicted only 5,546 protein-coding genes in the Neolecta genome [6] . They find that the genome has been shaped predominantly by gene losses coupled with modest gene gains, resulting in gene repertoires similar to those of related yeasts, but markedly different from those of most fruiting-bodyforming fungi (Figure 1) . Furthermore, several known multicellularity-related genes are conserved between Neolecta and Neurospora (a classical fruitingbody-forming Ascomycota), but show divergence in two of the yeast species examined.
In fact, fruiting-body-forming fungi with highly reduced, yeast-like genomes are also found within the Basidiomycota. The golden jelly fungus Tremella mesenterica [10] and the corn smut Ustilago maydis [11] have approximately 8,000 and 6,900 genes, respectively, resembling the genome size of related yeasts more than those of complex multicellular Basidiomycota. Tremella produces gelatinous yellow fruiting bodies on fallen branches (parasitizing other fungi; Figure 1 ), whereas Ustilago was more recently discovered to form simple fruiting bodies in culture [12] . Nonetheless, both species have evolved primarily via genome reduction [13] . Some parasitic smut species with similarly small genomes, such as Testicularia spp. and Exobasidium spp.
(both having about 7,000 genes; M.C. Aime, personal communication), produce complex multicellular galls on infected plants. These structures, although they incorporate much of the plant tissue, undoubtedly possess a complex multicellular architecture as opposed to the hyphal or yeast-like developmental stages of the same fungi. Whether these, or the structures produced by Ustilago, can be considered fruiting bodies in the classic sense may be a matter of debate; however, all these structures show key traits of complex multicellularity. Importantly, the aforementioned species are close relatives of well-known yeast species. This relatedness explains their small streamlined genomes, but not their ability to form complex multicellular fruiting bodies. Therefore, the observed genome reductions and limited genetic innovations suggest that, in terms of protein coding capacity, it does not require a great deal more to build complex multicellular structures than to build simple multicellular hyphae or yeast cells. Current Biology
Dispatches
The observation that yeast-like fungal genomes can code for complex multicellular structures is surprising given that the evolution of complex multicellularity is considered a major transition in the history of life. It is also remarkable when considering the difference in complexity level of these structures relative to unicellular or even simple multicellular organisms. This raises the question: what genetic mechanisms underlie the convergent evolution of complex multicellularity? Apart from novel protein-coding genes or coding-sequence evolution, alternative sources of genetic novelty might explain the phylogenetic distribution of fruitingbody-forming fungi. Gene regulatorynetwork rewiring, alternative splicing patterns and various non-coding RNA species are important sources of novelty in the context of multicellular development in many model systems [14, 15] , and have the potential to explain both the limited gene gains in the lineages leading to Neolecta, Tremella and Ustilago and the multiple origins of complex multicellularity among fungi. Among these, gene regulatory-network rewiring is a powerful source of phenotypic innovation and underlies changes in complexity level in many evolutionary transitions, including multicellularity [16] . In this way, conserved structural genes or pathways could predispose lineages to evolve complex multicellularity upon being recruited for new functions by simple regulatory changes, as suggested for the evolution of yeast lineages [13] or that of simple multicellular animals from choanoflagellate-like ancestors [17] .
Alternatively, a single origin of fruitingbody development followed by multiple losses could explain the disparate occurrence of fruiting bodies across the fungal tree. This would place the origin of fruiting bodies as early as the base of the Dikarya (a group uniting Ascomycota and Basidiomycota), or even earlier, the common ancestor of the Dikarya and Mucoromycota. A single origin would accord well with the evolution of complex multicellularity being a rare event in evolution [3] ; however, it would also imply several losses of fruiting-body formation. Thus, the single-origin model may seem phylogenetically less parsimonious than the multiple-origins model; however, in terms of the degree of genetic evolution required, it may turn out to be a more plausible explanation. The study by Nguyen et al. [6] represents an important step towards resolving the origins of complex multicellularity in fungi. Yet, whether the phylogenetic patterns of complex multicellularity in fungi can be explained by multiple origins evolved through as yet unknown genetic mechanisms, a single origin with multiple subsequent losses, or a combination of these still remains to be tested.
Throughout the history of life, complex multicellularity evolved only a few times. Depending on the answer to the question discussed above, we can estimate that in fungi there were between one and seven independent origins of complex multicellularity. However, for now at least, the mechanisms that underlie the evolutionary origins of fruiting-body development remain a major unsolved question in fungal evolution. The increasing availability of genomic datasuch as that of Neolecta -as well as highthroughput techniques for interrogating genome complexity, could nevertheless The phylogenetic distribution of complex multicellularity in fungi may be explained by two models. The multiple-origins model assumes seven independent gains (black bars) of complex multicellularity across the Fungi, whereas the single-origin model assumes a single gain (black dot) and several losses. The exact number depends on the phylogenetic structure of clades not consisting entirely of fruiting-body-forming fungi. Gray circles denote lineages containing at least one complex multicellular species. Note that among the fungi, only the Agaricomycotina and the Pezizomycotina are composed (nearly) entirely of complex multicellular species, while the others contain only a few.
